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An updated overview of e‑cigarette 

impact on human health1 

Electronic nicotine dispensing systems 

(ENDS), commonly known as electronic 

cigarettes or e-cigarettes, have been 

popularly considered a less harmful 

alternative to conventional cigarette smoking 

since they first appeared on the market more 

than a decade ago. E-cigarettes are electronic 

devices, essentially consisting of a cartridge, 

filled with an e-liquid, a heating 

element/atomiser necessary to heat the e-

liquid to create a vapour that can be inhaled 

through a mouthpiece, and a rechargeable 

battery (Fig. 1). Both the electronic devices 

and the different e-liquids are easily available 

in shops or online stores. 

The e-liquid typically contains humectants 

and flavourings, with or without nicotine; 

once vapourised by the atomiser, the aerosol 

(vapour) provides a sensation similar to 

tobacco smoking, but purportedly without 

harmful effects. However, it has been 

reported that the heating process can lead to 

the generation of new decomposition 

compounds that may be hazardous. The 

levels of nicotine, which is the key addictive 

component of tobacco, can also vary 

between the commercially available e-liquids, 

and even nicotine-free options are available. 

For this particular reason, e-cigarettes are 

often viewed as a smoking cessation tool, 

given that those with nicotine can prevent 

smoking craving, yet this idea has not been 

fully demonstrated. 

Because e-cigarettes are combustion-free, 

and because most of the damaging and well-

known effects of tobacco are derived from 

this reaction, there is a common and widely 

spread assumption that e-cigarette 

consumption or “vaping” is safer than 

conventional cigarette smoking. 

Consequences of nicotine content 

Depending on the manufacturer, the 

concentration of this alkaloid can be 

presented as low, medium or high, or 

expressed as mg/mL or as a percentage (% 

v/v). The concentrations range from 0 (0%, 

nicotine-free option) to 20 mg/mL (2.0%)—

the maximum nicotine threshold according 

to directive 2014/40/EU of the European 

Parliament and the European Union Council. 

Despite this normative, however, some 

commercial e-liquids have nicotine 

concentrations close to 54 mg/mL, much 

higher than the limits established by the 

European Union. 

A comparison of the serum levels of 

nicotine from e-cigarette or conventional 

cigarette consumption has been recently 

reported. Participants took one vape from an 

e-cigarette, with at least 12 mg/mL of nicotine, 

or inhaled a conventional cigarette, every 20 

s for 10 min. Blood samples were collected 1, 

2, 4, 6, 8, 10, 12 and 15 min after the first puff, 

and nicotine serum levels were measured by 

liquid chromatography-mass spectrometry 

(LC–MS). The results revealed higher serum 

levels of nicotine in the conventional CS 

group than in the e-cigarette group (25.9 ± 

16.7 ng/mL vs. 11.5 ± 9.8 ng/mL). However, e-

cigarettes containing 20 mg/mL of nicotine 

are more equivalent to normal cigarettes, 

based on the delivery of approximately 1 mg 

of nicotine every 5 min. 

It is well known that nicotine is extremely 

addictive and has a multitude of harmful 

effects. Nicotine has significant biologic 

activity and adversely affects several 

physiological systems including the 

cardiovascular, respiratory, immunological 

and reproductive systems, and can also 

compromise lung and kidney function. 
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Fig. 1 Effect of the heating process on aerosol composition. Main harmful effects documented. Several compounds 

detected in e-cigarette aerosols are not present in e-liquids and the device material also seems to contribute to the 

presence of metal and silicate particles in the aerosols. The heating conditions especially on humectants, flavourings 

and the low-quality material used have been identified as the generator of the new compounds in aerosols. Some 

compounds generated from humectants (propylene glycol and glycerol) and flavourings, have been associated with 

clear airways impact, inflammation, impairment of cardiovascular function and toxicity. In addition, some of them 

are carcinogens or potential carcinogens 
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In addition to its toxicological effects on 

foetus development, nicotine can disrupt 

brain development in adolescents and young 

adults. Despite the lack of carcinogenicity 

evidence, it has been reported that nicotine 

promotes tumour cell survival by decreasing 

apoptosis and increasing proliferation, 

indicating that it may work as a “tumour 

enhancer”. 

The lethal dose of nicotine for an adult is 

estimated at 30–60 mg. Given that nicotine 

easily diffuses from the dermis to the 

bloodstream, acute nicotine exposure by e-

liquid spilling (5 mL of a 20 mg/mL nicotine-

containing refill is equivalent to 100 mg of 

nicotine) can easily be toxic or even deadly. 

Thus, devices with rechargeable refills are 

another issue of concern with e-cigarettes, 

especially when e-liquids are not sold in child-

safe containers, increasing the risk of spilling, 

swallowing or breathing. 

Effect of humectants and their 

heating‑related products 

In this particular aspect, again the 

composition of the e-liquid varies significantly 

among different commercial brands. The 

most common and major components of e-

liquids are PG or 1,2-propanediol, and 

glycerol or glycerine (propane-1,2,3-triol). 

Both types of compounds are used as 

humectants to prevent the e-liquid from 

drying out and are classified by the Food and 

Drug Administration (FDA) as “Generally 

Recognised as Safe”. In fact, they are widely 

used as alimentary and pharmaceutical 

products. In an analysis of 54 commercially 

available e-liquids, PG and glycerol were 

detected in almost all samples at 

concentrations ranging from 0.4% to 98% 

(average 57%) and from 0.3% to 95% 

(average 37%), respectively. 

With regards to toxicity, little is known 

about the effects of humectants when they 

are heated and chronically inhaled. Studies 

have indicated that PG can induce 

respiratory irritation and increase the 

probability of asthma development, and 

both PG and glycerol from e-cigarettes might 

reach concentrations sufficiently high to 

potentially cause irritation of the airways. 

Although PG and glycerol are the major 

components of e-liquids other components 

have been detected. When the aerosols of 4 

commercially available e-liquids chosen from 

a top 10 list of “Best E-Cigarettes of 2014”, were 

analysed by gas chromatography-mass 

spectrometry (GC–MS) after heating, 

numerous compounds were detected, with 

nearly half of them not previously identified, 

thus suggesting that the heating process per 

se generates new compounds of unknown 

consequence. 

Other compounds that have been 

detected in aerosols include acetamide, a 

potential human carcinogen, and some 

aldehydes, although their levels were 

minimal. Interestingly, the existence of 

harmful concentrations of diethylene glycol, 

a known cytotoxic agent, in e-liquid aerosols 

is contentious with some studies detecting its 

presence, and others finding low subtoxic 

concentrations. 

Impact of flavouring compounds 

The range of e-liquid flavours available to 

consumers is extensive and is used to attract 

both current smokers and new e-cigarette 

users, which is a growing public health 

concern. In fact, over 5 million middle- and 

high-school students were current users of e-

cigarettes in 2019, and appealing flavours 

have been identified as the primary reason 

for e-cigarette consumption in 81% of young 

users. Since 2016, the FDA regulates the 

flavours used in the e-cigarette market and 

has recently published an enforcement 

policy on unauthorised flavours, including 

fruit and mint flavours, which are more 

appealing to young users. However, the long-
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term effects of all flavour chemicals used by 

this industry (which are more than 15,000) 

remain unknown and they are not usually 

included in the product label. Furthermore, 

there is no safety guarantee since they may 

harbour potential toxic or irritating 

properties. 

With regards to the multitude of available 

flavours, some have demonstrated 

cytotoxicity. Bahl et al. evaluated the toxicity 

of 36 different e-liquids and 29 different 

flavours on human embryonic stem cells, 

mouse neural stem cells and human 

pulmonary fibroblasts using a metabolic 

activity assay. In general, those e-liquids that 

were bubblegum-, butterscotch- and 

caramel-flavoured did not show any overt 

cytotoxicity even at the highest dose tested. 

By contrast, those e-liquids with Freedom 

Smoke Menthol Arctic and Global Smoke 

Caramel flavours had marked cytotoxic 

effects on pulmonary fibroblasts and those 

with Cinnamon Ceylon flavour were the most 

cytotoxic in all cell lines. 

Recently, a commonly commercialized 

crème brûlée flavoured aerosol was found to 

contain high concentrations of benzoic acid 

(86.9 μg/puff), a well-established respiratory 

irritant.  

The e‑cigarette device 

While the bulk of studies related to the 

impact of e-cigarette use on human health 

has focused on the e-liquid components and 

the resulting aerosols produced after 

heating, a few studies have addressed the 

material of the electronic device and its 

potential consequences—specifically, the 

potential presence of metals such as copper, 

nickel or silver particles in e-liquids and 

aerosols originating from the filaments and 

wires and the atomiser. 

Other important components in the 

aerosols include silicate particles from the 

fiberglass wicks or silicone. Many of these 

products are known to cause abnormalities 

in respiratory function and respiratory 

disease, but more in-depth studies are 

required. Interestingly, the battery output 

voltage also seems to have an impact on the 

cytotoxicity of the aerosol vapours, with e-

liquids from a higher battery output voltage 

showing more toxicity to A549 cells. 

E‑cigarettes as a smoking cessation 

tool 

CS contains a large number of 

substances—about 7000 different 

constituents in total, with sizes ranging from 

atoms to particulate matter, and with many 

hundreds likely responsible for the harmful 

effects of this habit. Given that tobacco is 

being substituted in great part by e-cigarettes 

with different chemical compositions, 

manufacturers claim that e-cigarette will not 

cause lung diseases such as lung cancer, 

chronic obstructive pulmonary disease, or 

cardiovascular disorders often associated 

with conventional cigarette consumption. 

However, the World Health Organisation 

suggests that e-cigarettes cannot be 

considered as a viable method to quit 

smoking, due to a lack of evidence. Indeed, 

the results of studies addressing the use of e-

cigarettes as a smoking cessation tool remain 

controversial. Moreover, both FDA and CDC 

are actively investigating the incidence of 

severe respiratory symptoms associated 

with the use of vaping products. Because 

many e-liquids contain nicotine, which is well 

known for its powerful addictive properties, 

e-cigarette users can easily switch to 

conventional cigarette smoking, avoiding 

smoking cessation. Nevertheless, the 

possibility of vaping nicotine-free e-cigarettes 

has led to the branding of these devices as 

smoking cessation tools. 

Based on the current literature, it seems 

that several factors have led to the success of 

e-cigarette use as a smoking cessation tool. 
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First, some e-cigarette flavours positively 

affect smoking cessation outcomes among 

smokers. Second, e-cigarettes have been 

described to improve smoking cessation rate 

only among highly dependent smokers and 

not among conventional smokers, 

suggesting that the individual degree of 

nicotine dependence plays an important role 

in this process. Third, the general belief of 

their relative harmfulness to consumers’ 

health compared with conventional 

combustible tobacco. And finally, the 

exposure to point-of sale marketing of e-

cigarette has also been identified to affect the 

smoking cessation success. 

Implication of e‑cigarette 

consumption in COVID‑19 time 

Different reports have pointed out that 

smokers and vapers are more vulnerable to 

SARS-CoV-2 (Severe Acute Respiratory 

Syndrome Coronavirus 2) infections or more 

prone to adverse outcomes if they suffer 

COVID-19. 

Interestingly, most of these reports linking 

COVID-19 harmful effects with smoking or 

vaping, are based on their capability of 

increasing the expression of angiotensin- 

converting enzyme 2 (ACE2) in the lung. It is 

well known that ACE2 is the gate for SARS-

CoV-2 entrance to the airways and it is mainly 

expressed in type 2 alveolar epithelial cells 

and alveolar macrophages. To date, most of 

the studies in this field indicate that current 

smokers have higher expression of ACE2 in 

the airways than healthy non-smokers. 

However, while a recent report indicated that 

e-cigarette vaping also caused nicotine-

dependent ACE2 upregulation, others have 

revealed that neither acute inhalation of e-

cigarette vapour nor e-cigarette users had 

increased lung ACE2 expression regardless 

of nicotine presence in the e-liquid. 

In regard to these contentions, current 

knowledge suggests that increased ACE2 

expression is not necessarily linked to 

enhanced susceptibility to SARS-CoV-2 

infection and adverse outcome. Indeed, the 

elderly population express lower levels of 

ACE2 than young people and SARS-CoV-

2/ACE2 interaction further decreases ACE2 

expression. In fact, most of the deaths 

provoked by COVID-19 took place in people 

over 60 years old of age. Therefore, it is 

plausible that the increased susceptibility to 

disease progression and the subsequent 

fatal outcome in this population is related to 

poor angiotensin 1-7 (Ang-1-7) generation, 

the main peptide generated by ACE2, and 

probably to their inaccessibility to its anti-

inflammatory effects. Furthermore, it seems 

that all the efforts towards increasing ACE2 

expression may result in a better resolution 

of the pneumonic process associated to this 

pandemic disease. 

Nevertheless, additional complications 

associated to COVID-19 are increased 

thrombotic events and cytokine storm. In the 

lungs, e-cigarette consumption has been 

correlated to toxicity, oxidative stress, and 

inflammatory response. More recently, a 

study revealed that while the use of 

nicotine/flavour-containing e-cigarettes led to 

significant cytokine dysregulation and 

potential inflammasome activation, none of 

these effects were detected in non-flavoured 

and non-nicotine-containing e-cigarettes. 

Therefore, e-cigarette use may still be a 

potent risk factor for severe COVID-19 

development depending on the flavour and 

nicotine content. 

In summary, it seems that either smoking 

or nicotine vaping may adversely impact on 

COVID-19 outcome. However, additional 

follow up studies are required in COVID-19 

pandemic to clarify the effect of e-cigarette 

use on lung and cardiovascular 

complications derived from SARS-CoV-2 

infection. 

 

(Marques, et al., 2021) 
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Radiologic, Pathologic, Clinical, 

and Physiologic Findings of 

Electronic Cigarette or Vaping 

Product Use–associated Lung 

Injury (EVALI): Evolving Knowledge 

and Remaining Questions2 

Vape Pen Design and Function 

E-cigarettes consist of three main 

components: a battery, a reservoir 

containing the substance to be vaped, and 

the heating element that vaporizes the 

substance. Some modern devices now have 

Bluetooth connectivity for mobile apps that 

track vaping habits. 

Each component is a separate variable, 

and thus e-cigarettes are almost infinitely 

customizable. For instance, batteries of 

different strengths may produce different 

combustion temperatures leading to 

different byproducts of combustion. Particle 

size has been shown to dramatically vary 

depending on the power of the atomizer. 

Increasing power causes a shift from nano-

sized particles to micron-sized particles, likely 

due to coagulation of small particles inside 

the oral cavity. Both particle sizes reach the 

alveoli, although their deposition patterns 

are different. The heating element may be 

constructed of various heavy metals, and 

traces of these metals known to cause lung 

disease have also been found in aerosol 

samples from vaping devices. 

Vape Products 

Pathophysiology of Vaping 

E-cigarettes have been shown to yield 

mainstream aerosols with particle 

concentrations similar to or even higher than 

those emitted by conventional cigarettes. In 

fact, vapers repeatedly inhale high 

concentrations of propylene glycol, glycerol, 

volatile organic compounds, and ultrafine 

particles (,100 nm in diameter), as well as free 

radicals. Because e-cigarettes do not burn 

tobacco, it has falsely been conjectured that 

vape pen aerosols contain very low levels of 

free radicals (which are abundant in cigarette 

smoke and are well known to suppress the 

endogenous activation of nitric oxide and 

lead to endothelial dysfunction, the prime 

Summary 

In most cases, both the imaging and 

pathologic findings of electronic 

cigarette or vaping product use–

associated lung injury are that of 

organizing pneumonia and diffuse 

alveolar damage, with acute 

eosinophilic pneumonia and diffuse 

alveolar hemorrhage being less 

common. 

Essentials 

• The dramatic increase in vaping in 

middle school and high school 

students over the past year 

represents the largest increase in use 

of any illicit substance tracked by the 

National Institute of Drug Abuse over 

the last 44 years. 

• The acute lung injury associated with 

vaping, termed electronic cigarette or 

vaping product use–associated lung 

injury (EVALI), is a diagnosis of 

exclusion and abnormal pulmonary 

findings at imaging are required to 

suggest the diagnosis. 

• EVALI, characterized primarily by 

acute lung injury consisting of 

histopathologic and imaging patterns 

of organizing pneumonia, diffuse 

alveolar damage, or both, has 

emerged as a serious and sometimes 

fatal complication of vaping. 

• Both nicotine and 

tetrahydrocannabinol products have 

been associated with EVALI, and 

although vitamin E acetate has been 

found in bronchoalveolar lavage fluid 

in many patients with EVALI, it is 

unclear whether this represents the 

cause of injury or merely a marker of 

exposure. 
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promoter of atherosclerotic cardiovascular 

disease). However, e-cigarette vaping 

aerosols do indeed have high levels of free 

radicals and are not better than cigarettes in 

this regard. 

Current noninvasive tools available for 

detecting the earliest presymptomatic 

vascular changes, brought about by 

endothelial dysfunction, are relatively 

limited. They are largely US-based and 

include brachial artery reactivity through 

flow-mediated dilation, aortic pulse-wave 

velocity, and carotid intima-media thickness. 

Very recently, researchers examined 

smoking and vaping–naive participants to a 

battery of quantitative MRI tests. Of note, in 

this study nicotine-free e-cigarette aerosol 

was inhaled to eliminate potential 

confounding effects of nicotine. These 

included flow-mediated dilation of the 

femoral artery (motivated by atherosclerosis 

being far more common in lower-extremity 

vessels) and pulse-wave velocity and 

hyperemic response to upper leg cuff 

occlusion (measuring both arterial 

parameters and smokers in comparison to 

nonsmokers changes in transient venous 

hemoglobin saturation by using oxygenated 

hemoglobin as an endogenous tracer) prior 

and following a single episode of vaping. The 

authors observed highly significant changes 

before and after vaping suggestive of 

transient vascular impairment indicative of 

endothelial dysfunction, previously found in 

tobacco cigarette smokers in comparison to 

nonsmokers. In a parallel article, using the 

same vaping paradigm and study population, 

Chatterjee et al. found serum markers of 

inflammation, oxidative stress, and nitric 

oxide bioavailability to be transiently 

impaired. It is not currently known what 

toxins in the well-characterized brand of e-

cigarettes caused the observed immune 

response, a question whose resolution is 

particularly urgent given the alarming 

reports of morbidity and death in some e-

cigarette users 

EVALI: Clinical Considerations and 

Diagnosis 

In 2019, physicians, the U.S. Centers for 

Disease Control and Prevention, or CDC, the 

U.S. Food and Drug Administration, and state 

and local health departments identified an 

outbreak of a respiratory illness in patients 

with a history of vaping. This disease was 

associated with lung injury at imaging and 

histopathologic evaluation and ultimately 

given the name e-cigarette or vaping product 

use–associated lung injury. From a clinical 

standpoint, EVALI most often manifests as a 

relatively acute disease that mimics a viral 

illness. In a review of 323 patients with EVALI 

submitted to the CDC, 95% had respiratory 

symptoms, 77% had gastrointestinal 

symptoms, and 85% had constitutional 

symptoms. 

Because these symptoms are nonspecific, 

these patients are often thought to have an 

infection, but testing demonstrates no 

offending pathogen. To date, EVALI remains 

a diagnosis of exclusion and depends on 

eliciting a history of vaping (within 90 days of 

onset of symptoms but preferably more 

recently), identifying an abnormality at chest 

imaging, and excluding other potential 

causes of the patient’s symptoms including 

infections, other exposures, malignancy, and 

autoimmune disease. 

In cases in which a pulmonary 

abnormality is not seen or certainly identified 

at chest radiography, or when further 

characterization of the chest radiograph 

findings is needed to evaluate for another 

potential cause of the patient’s symptoms, a 

noncontrast chest CT can be obtained. 

However, a CT pulmonary angiogram could 

be considered in the appropriate clinical 

setting. 
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Particularly when recognized in the early 

stages, most patients with EVALI improve and 

return to baseline with cessation of vaping, 

supportive measures, and administration of 

glucocorticoids. Some patients, however, 

have a more progressive course. In these 

patients, death can occur due to respiratory 

failure. If these patients do survive, then 

EVALI can lead to severe pulmonary scarring 

and chronic dysfunction, with one recent 

case requiring bilateral lung transplantation. 

In addition to organizing pneumonia (OP) 

and diffuse alveolar damage, other short-

term complications of EVALI for the 

radiologist to be aware of include 

superimposed infection, bullae formation, 

and pneumothorax. 

Improved Understanding 

Given that many patients who meet the 

clinical criteria for EVALI do not require a lung 

biopsy, it is imaginable that the pathologic 

understanding of EVALI has lagged. Early 

reports suggested that a variety of pathologic 

patterns of injury and inflammation could be 

encountered in EVALI, including OP, diffuse 

alveolar damage (DAD), diffuse alveolar 

hemorrhage, mild nonspecific inflammation, 

granulomatous pneumonitis, exogenous 

lipoid pneumonia (ELP), and respiratory 

bronchiolitis. 

Similarly, described imaging patterns of 

lung injury due to vaping included OP, DAD, 

acute eosinophilic pneumonia, diffuse 

alveolar hemorrhage, hypersensitivity 

pneumonitis (HP), ELP, and giant cell 

interstitial pneumonia. 

Some of the previously suggested 

mechanisms described in vaping-related 

lung disease still have an unclear role or are 

thought to be rare associations with vaping 

that are not typical of EVALI. For example, 

although imaging patterns of HP in vapers 

has been described, to date, to our 

knowledge, no biopsy-confirmed cases have 

been described. In cases of presumed ELP, 

both pathologic and radiologic findings are 

atypical for the classically described entity. 

Therefore, inclusion of HP and ELP into the 

spectrum of EVALI is controversial and will be 

discussed separately below. The case of 

vaping-related giant cell interstitial 

pneumonia was related to cobalt found in 

the patient’s vape pen. Because giant cell 

interstitial pneumonia is a chronic process 

that occurs over months to years, it should 

not be categorized as EVALI. 

Patterns of Lung Injury 

OP and DAD.— OP and DAD are common 

pathologic patterns of acute lung injury. 

Whereas the imaging patterns associated 

with the pathologic finding of OP are 

numerous and variable, ranging from a focal 

nodule to diffuse ground-glass opacity, the 

pattern of OP encountered in EVALI appears 

to be less heterogenous. At chest 

radiography, patients often present with 

diffuse hazy opacity that is most pronounced 

centrally, although there is usually 

conspicuous sparing of the heart border and 

subpleural portions of the lung (Figs 3, 4). 

Both upper lung, midlung, and lower lung–

predominant abnormality can occur. Kerley B 

lines due to septal thickening can be seen. 

Radiographic findings often mirror what is 

seen at CT with diffuse ground-glass 

opacities, which are often bilateral and 

relatively symmetric. If present, then 

consolidation is usually mild. An extremely 

common finding is subpleural sparing that is 

seen both centrally and peripherally, as well 

as areas of lobular sparing (Figs 3, 4). In 

addition, in some cases there is pronounced 

sparing along the peribronchovascular 

interstitium (Figs 3, 4). Interlobular septal 

thickening is common, and in some instances 

associated with intralobular lines creating a 

“crazy paving” pattern (Fig 3). The reverse 

halo and atoll signs are highly suggestive of 
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OP, although in our experience this is not a 

common finding in EVALI (but has been 

observed). Once the diagnosis of EVALI is 

suspected, most patients with this pattern of 

injury rapidly improve after corticosteroids 

are initiated (Figs 3, 5). 

Centrilobular nodules are a common 

finding in EVALI and likely reflect the 

bronchiolocentric distribution of injury. If 

present, then they are often a relatively 

minor finding and tend to be upper lobe 

predominant, similar to other inhalational 

injuries. Possible etiologies for the 

centrilobular nodules include airway-

centered foci of OP, pulmonary hemorrhage, 

or even a hypersensitivity reaction, as 

discussed below. However, in a minority of 

cases of EVALI, centrilobular nodularity is the 

dominant finding (Fig 6). An almost identical 

pattern has been described with synthetic 

cannabinoid pulmonary injury. 

Compared with OP, the imaging findings 

in patients with DAD often reflect the greater 

severity and extent of the pulmonary injury. 

These patients are extremely ill and 

frequently will require ventilatory support or 

even extracorporal membrane oxygenation. 

During the acute exudative phase of DAD, 

both chest radiography and CT commonly 

show volume loss with lower lobe–

predominant consolidation and groundglass 

opacity. Similar to OP, septal thickening or a 

crazy paving pattern can be present (Fig 7). 

As the injury progresses to the organizing 

phase, volume loss, reticulation, and 

bronchial dilation increase (Fig 8). 

Several recent pathologic studies have 

detailed the spectrum of histopathologic 

changes seen in EVALI, providing greater 

insight into this problem and the potential 

mechanism(s). 

 

Figure 3: Images show 

electronic cigarette or vaping 

product use–associated lung 

injury with organizing 

pneumonia pattern secondary 

to vaping tetrahydrocannabinol 

in an 18-year-old man. (a) 

Posteroanterior radiograph 

shows midlung and lower lung 

consolidation and opacity 

bilaterally. Small right pleural 

effusion (black arrowhead) and 

septal thickening (white 

arrowhead) are seen. There is 

conspicuous sparing of cardiac 

borders (white arrows) as well 

as subpleural portions of lung 

(black arrows). (b) Coronal and 

(c) sagittal oblique images from 

CT nicely illustrate radiographic 

findings with mild and lower 

lung–predominant ground-

glass opacity with few areas of 

consolidation. Prominent 

subpleural and perilobular 

sparing is present (black 

arrows). In addition, there is 

conspicuous sparing of peribronchovascular interstitium, best illustrated around larger pulmonary arteries and 

veins (white arrows). Hazy upper lobe–predominant ground-glass centrilobular nodules are present bilaterally 
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(white arrowheads). In addition to thickening of interlobular septa, there are few areas with thickening of 

intralobular septa creating “crazy paving” pattern (black arrowheads). (d) Three days after initiation of steroids, 

patient showed dramatic clinical and radiographic improvement. 

 

Figure 4: Images show 

electronic cigarette or 

vaping product use–

associated lung injury 

with organizing 

pneumonia pattern in 

an 18-year-old man 

who vaped nicotine 

and 

tetrahydrocannabinol 

with fever of 103°F, 

vomiting for 3 days, 

and negative workup 

for infection and 

rheumatologic 

disease. (a) 

Posteroanterior radiograph shows perihilar predominant hazy opacity with conspicuous sparing of both heart 

border (white arrows) and periphery (black arrows). Septal thickening is present (arrowhead). (b) Corresponding CT 

image shows perihilar predominant ground-glass opacity with prominent sparing of subpleural interstitium both 

peripherally and centrally (black arrows) with intermixed areas of lobular sparing. In addition, there is sparing of 

peribronchovascular interstitium (white arrows). Septal thickening (black arrowhead) and scattered centrilobular 

nodules are present (white arrowhead). Patient rapidly improved after administration of steroids. 

 

Figure 5: Images show electronic cigarette or vaping product use–associated lung injury with organizing pneumonia 

pattern in a 20-year-old man who vapes nicotine and tetrahydrocannabinol products daily and who presented to 

community health 

clinic with fever, 

weakness, and chills. 

He was initially 

diagnosed with 

community-acquired 

pneumonia, but his 

symptoms continued 

to progress despite 

antibiotic therapy. 

Extensive work-up for 

infection and 

rheumatologic disease 

was negative during hospital admission. (a) Axial CT image shows peribronchiolar ground-glass opacity with 

subpleural sparing both centrally and peripherally (black arrows). Few areas of bronchial dilation are present in 

areas of ground-glass opacity (white arrow). Bronchoscopic biopsy yielded result of organizing pneumonia. (b) Four 

weeks after initiation of steroid therapy, patient’s CT scan was normal. 
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Figure 6: Images show electronic cigarette or vaping product use–associated lung injury in a 32-year-old man with 

history of vaping who presented with fevers and night sweats for 1 week. (a) Coronal maximum intensity projection 

image shows diffuse centrilobular nodularity. (b) Histologic sections of his transbronchial cryobiopsy showed 

distinctive micronodular pattern of airway-centered organizing pneumonia, corresponding to centrilobular 

nodularity seen at CT. Similar imaging and pathologic findings have been described in patients with smoke synthetic 

cannabinoids. 

 

Figure 7: Images show 

electronic cigarette or vaping product 

use–associated lung injury in a 37-

year-old man with history of vaping tetrahydrocannabinol products daily. (a) Coronal CT image shows diffuse 

ground-glass opacity with subpleural sparing (arrows) and interlobular and intralobular septal thickening creating 

“crazy paving” pattern (arrowhead). At initial CT, it is unclear whether this represents organizing pneumonia or early 

exudative phase of diffuse alveolar damage. Patient’s condition dramatically worsened with progressive 

consolidation and volume loss requiring intubation. (b) Coronal and (c) axial CT images 14 days after initial study 

show improvement of ground-glass opacity with interval development of lower lobe–predominant fibrosis with 

reticulation (black arrowhead in b), bronchiectasis (white arrows), and volume loss. Additionally, there has been 

development of numerous bullae of varying sizes bilaterally (black arrows), moderate-size right pneumothorax, and 

loculated hydropneumothorax along left major fissure (black arrowhead). (Images courtesy of Tan-Lucien 

Mohammed, MD, Professor of Radiology, University of Florida.) 
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Figure 8: Images show electronic cigarette or vaping product use–associated lung injury with diffuse alveolar 

damage pattern in a 35-year-old woman who vaped tetrahydrocannabinol. Work-up for infection and 

rheumatologic disease was negative. (a) Axial CT scan shows ground-glass opacity, left greater than right, with areas 

of consolidation. Subpleural and perilobular sparing is present (arrows). Septal thickening is present (arrowhead). 

(b) CT scan 2 weeks later shows extensive right lung consolidation with areas of bronchial dilation (arrow) and 

internal development of right pneumothorax (arrowhead). Ground-glass opacity in left lung has improved with 

residual centrilobular nodularity. Patient died 5 days later. 

Figure 9: Images show histopathologic findings of vaping-associated lung injury. Representative photomicrographs 

of lung biopsies from patients with electronic cigarette or vaping product use–associated lung injury show variety 

of acute injury patterns including (a) organizing pneumonia (arrows), (b) acute fibrinous pneumonitis with balls of 

intra-alveolar fibrin (arrows), and (c) diffuse alveolar damage with hyaline membranes (arrows). Other common 

findings include (d) bronchiolitis with bronchiolar mucosal ulceration (arrows) and (e) accumulation of foamy lipid-

laden macrophages in alveolar spaces (arrows) that can be detected in bronchoalveolar lavage fluid with Oil-Red-O 

lipid stain (inset image). (f) Occasional scattered macrophages (arrows) may also contain brown or black pigmented 

particles (arrowheads, inset image) in some cases, which can be a helpful clue particularly when patient is a 

nonsmoker. 
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 The striking histologic similarity of EVALI 

to these other forms of toxic injury is 

intriguing and suggests a similar mechanism, 

which is further supported by work in an 

animal model of vaping. Representative 

histopathologic findings in EVALI are 

illustrated in Figure 9, and the spectrum of 

histologic findings in these two studies is 

summarized in Table 1. 

Acute eosinophilic pneumonia.—Acute 

eosinophilic pneumonia is an acute lung 

injury that pathologically manifests as a 

combination of DAD with interstitial and 

alveolar eosinophils. Although there are 

numerous causes of acute eosinophilic 

pneumonia, it is highly associated with 

patients who have started smoking or have 

changed their smoking habits. Given this 

association, its occurrence in EVALI is not 

surprising, although in the authors’ 

experience it is much less common than are 

the OP and DAD patterns. At CT, acute 

eosinophilic pneumonia usually manifests 

with bilateral and often symmetric 

groundglass opacity, consolidation, or both, 

and can have a similar imaging appearance 

to DAD and OP. However, due to the increase 

in vascular permeability, acute eosinophilic 

pneumonia should be included in the 

differential diagnosis when there are 

superimposed findings of fluid overload, 

such as pleural effusions and prominent 

septal thickening, in the absence of left heart 

dysfunction (Fig 10). Acute eosinophilic 

pneumonia can be a difficult radiologic and 

clinical diagnosis because peripheral 

eosinophilia is often absent at presentation. 

The disease can be confirmed when the 

following clinical criteria are met: duration of 

acute febrile illness of fewer than 5 days, 

progression to hypoxemic respiratory failure, 

abnormal finding at chest imaging, 

bronchoalveolar lavage eosinophils 

exceeding 25%, prompt response to steroid 

therapy, and absence of underlying infection. 

Pulmonary hemorrhage.—Diffuse 

alveolar hemorrhage has been reported with 

vaping. Patients with diffuse alveolar 

hemorrhage typically present with recent 

onset of cough, fever, and dyspnea. 

Hemoptysis, although common, may be 

absent in up to one-third of patients. 

Findings on chest radiographs include focal 

or diffuse airspace opacities that can be 

unilateral or bilateral, but is often more 

asymmetric than what is seen with OP and 

DAD patterns. Imaging findings in diffuse 

alveolar hemorrhage at CT are often 

nonspecific and include consolidation and 

ground-glass opacity that can spare the lung 

periphery (Fig 11a). Nodules, often in a 

centrilobular or tree-in-bud configuration, 

can be seen when blood products are 

aspirated or retained in distal bronchioles 

(Fig 11b). Over time, septal thickening 

becomes more pronounced as macrophages 

Table 1: Summary of Histopathologic Features 

in Vaping-associated Lung Injury 

Feature Cases 

Injury pattern(s) 

Organizing pneumonia  19/25 (76) 

Acute fibrinous pneumonitis with 

organization  

12/25 (48) 

Diffuse alveolar damage, acute and 

organizing  

6/25 (24) 

Other histologic features 

Foamy or vacuolated macrophages 21/25 (84) 

Foamy or vacuolated pneumocytes  17/17 (100) 

Intra-alveolar fibrin  22/25 (88) 

Bronchiolitis  7/9 (78) 

Bronchiolar mucosal ulceration  6/9 (67) 

Interstitial edema  11/17 (65) 

Neutrophilic inflammation  10/25 (40) 

Chronic interstitial inflammation  14/25 (56) 

Pigmented macrophages  7/17 (41) 

Eosinophils, rare  7/25 (28) 

Granulomas  0/25 (0) 

Exogenous lipoid pneumonia  0/25 (0) 

Note.—Based on two largest reported series of 

patients with lung biopsies. Numerators are the 

number of cases with the feature and denominators 

are the total number of cases, with percentages in 

parentheses. 
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clear blood products. Sequential 

bronchoalveolar lavage with persistent or 

increasingly bloody aliquots confirms the 

diagnosis. 

Controversies 

Exogenous lipoid pneumonia.— ELP is 

an inflammatory response to inhaled or 

aspirated lipids and can be due to a wide 

range of substances including laxatives, 

petroleum-based lubricants, ophthalmic 

drops, mineral oils, and hydrocarbons. In 

most cases, ELP is a chronic process where 

impairment of the normal mucociliary 

clearance mechanisms leads to failure to 

clear exogenous lipid, secretions, and other 

cellular debris. Patients are often 

asymptomatic or mildly symptomatic. 

Acute presentations of ELP do occur and 

patients can present with low-grade fever, 

cough, and dyspnea. In both settings, 

imaging often shows a lower lobe–

predominant pattern of abnormality with 

consolidation and ground-glass opacity with 

or without septal thickening. Rarely, ELP can 

appear as spiculated nodules and mimic 

malignancy. The diagnosis can be made 

when there are areas of macroscopic fat 

attenuation (less than −30 HU) within the 

consolidation or nodules at CT, a finding 

which is present in most, but not all, of acute 

and chronic cases. 

 

 

Figure 10: Images show electronic cigarette or vaping product use–associated lung injury secondary to acute 

eosinophilic pneumonia in a 21-year-old man who had been vaping nicotine and tetrahydrocannabinol products 

daily. (a) Posteroanterior 

radiograph 2 days after 

admission shows 

extensive consolidation. 

(b) Although imaging 

findings are often 

nonspecific, presence of 

extensive consolidation 

with areas of lobular and 

subplerual sparing (black 

arrowhead), such as that 

seen with diffuse alveolar 

damage, with associated 

prominent septal 

thickening (white arrow), 

moderate to large 

bilateral plerual effusions, and normal appearing left ventricle (black 

arrow), should raise possibility of acute eosinophilic pneumonia. 

Clinical diagnosis is also difficult because peripheral eosinophils are 

often not elevated until many days after start of symptoms. Patient’s 

clinical condition and radiographic imaging continued to worsen and 

he was subsequently started on extracorporeal membrane 

oxygenation. Patient subsequently underwent bronchoscopy, which 

showed large percentage of eosinophils. (c) Three days after initiation 

of steroids, chest radiograph has significantly improved. (Images 

courtesy of Howard Mann, MBBCh, Professor of Radiology, University 

of Utah.) 
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There are other inconsistencies with 

accepting EVALI as a type of ELP. First, the 

mechanics of the injuries are different, as 

EVALI is secondary to the superheating and 

aerosolization of a chemical cocktail usually 

containing lipids causing an acute 

inhalational lung injury. Second, even in 

cases of acute ELP, symptoms are usually 

mild and patients recover with supportive 

therapy, whereas there have been multiple 

deaths associated with EVALI. Third,  imaging 

findings in these cases of EVALI with lipid-

laden macrophages mirror those seen in the 

classic forms of acute lung injury (OP, DAD, 

acute eosinophilic pneumonia) and to date, 

to our knowledge, no case has shown areas 

of fat attenuation at CT (Fig 12). Therefore, 

although some cases are being labeled as 

ELP, it does not appear to be so from a 

radiologic or pathologic perspective. 

Hypersensitivity pneumonitis.—Acute 

HP is uncommon and occurs when a 

genetically susceptible individual inhales a 

large dose of a specific antigen leading to an 

immunologic response dominated by a type 

III hypersensitivity reaction. Typical imaging 

findings suggestive of an acute HP pattern 

include symmetric upper lung–predominant 

centrilobular nodules, which are often poorly 

defined. Ground-glass opacity and 

consolidation can be present in the midlung 

and lower lung zones; superimposed septal 

thickening may be present due to areas of 

pulmonary hemorrhage or edema. 

Patients with the more commonly seen 

subacute and chronic forms of 

hypersensitivity pneumonitis present with 

symptoms that develop over weeks to 

months from prolonged exposure to smaller 

antigen loads. Imaging findings are similar to 

acute HP, although consolidation is usually 

absent and the degree of groundglass 

opacity in the lower lung is less pronounced. 

These forms of HP are also classically 

associated with mosaic attenuation and air 

trapping due to small airway injury. As the 

disease progresses, overt honeycombing 

with or without fibrosis can develop. 

Figure 11: Images show electronic cigarette or vaping product use–associated lung injury presenting as diffuse 

alveolar hemorrhage. (a) Coronal CT in a 41-year-old man who makes his own nicotine flavoring and vapes more 

than 50 times a day shows asymmetric consolidation on right greater than left. Subpleural sparing is present. (b) 

Coronal CT image in a 21-year-old man who vapes nicotine and tetrahydrocannabinol products show asymmetric, 

left greater than right, large “fluffy” centrilobular nodules filling much of secondary lobule (black arrows), and 

appearance commonly seen with pulmonary hemorrhage. This degree of asymmetric consolidation and/or 
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nodularity would be atypical for organizing pneumonia or diffuse alveolar damage. Diffuse alveolar hemorrhage 

was confirmed with bronchoalveolar lavage in both cases. 

 

Figure 12: Images show multiple episodes of 

electronic cigarette or vaping product use–associated 

lung injury due to repeated vaping of nicotine with 

mint flavoring in a 51-year-old woman. 

Bronchoalveolar lavage (BAL) fluid showed 

numerous foamy lipid-laden macrophages with 

positive Oil-Red-O lipid staining. (a) CT in September 

shows organizing pneumonia pattern with scattered 

areas of ground-glass opacity with subpleural 

sparing. Workup for infection was negative, and 

patient was started on steroids and improved. (b) 

Two months later, patient returned to emergency 

department with dyspnea and fever. CT image shows 

more extensive ground-glass opacity with areas of 

lobular and subpleural sparing. Interlobular and 

intralobular septal thickening is present, creating 

“crazy paving” pattern. (c) Although patient’s BAL fluid 

showed many lipid-laden macrophages, soft-tissue 

image shows no evidence of intraparenchymal fat 

attenuation, a common finding in lipoid pneumonia. 

Patient’s condition deteriorated, and she was 

intubated and started on steroids. (d) Ten days after 

initiation of steroids, ground-glass opacity has 

improved but persists. Patient’s condition was 

complicated by aspiration pneumonia and bilateral 

lower-lobe collapse. 

Conclusion 

Electronic cigarettes, 

often touted as a safer 

alternative to 

traditional cigarettes, 

have proven to have 

unexpected 

deleterious health 

consequences. 

Electronic cigarette or 

vaping product use–

associated lung injury 

(EVALI), characterized 

primarily by acute lung 

injury consisting of 

histopathologic and 

imaging patterns of 

organizing 

pneumonia, diffuse 

alveolar damage, or both, has emerged as a 

serious and sometimes fatal complication of 

vaping.  

Radiologists must be aware of the clinical 

manifestations and imaging findings of 

electronic cigarette or vaping product use–

associated lung injury (EVALI) and should 

consider these when interpreting and 

reporting imaging studies of patients who 

present with acute respiratory illnesses or 

distress. Although the imaging findings of 

EVALI overlap with other causes for similar 

patterns of acute lung injury, in the correct 

clinical context, radiologists can strongly 

suggest EVALI as a consideration. Therefore, 

when imaging findings suspicious for EVALI 

are found, direct communication with 

treating physicians is recommended to 

ensure that EVALI is considered as a potential 

diagnosis; this will help to ensure rapid 

diagnosis and the prompt institution of 

appropriate therapy. 

(Seth Kligerman, et al., 2020) 
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Pediatric Chest Radiographic and 

CT Findings of Electronic Cigarette 

or Vaping Product Use–associated 

Lung Injury (EVALI)3 

Beginning in 2012, several case reports 

emerged raising the possibility of the link 

between e-cigarette use and lung injury. As 

of January 14, 2020, there have been 2668 

reported cases with 60 confirmed deaths due 

to e-cigarette or vaping product use–

associated lung injury (EVALI) in the U.S. 

territory, with patients under 18 years of age 

accounting for 15% of reported 

hospitalizations due to EVALI. The Centers for 

Disease Control and Prevention, or CDC, and 

the Food and Drug Administration, along 

with local and state departments and 

clinicians, have been actively researching the 

causes and pathophysiology of EVALI. 

Imaging plays a crucial role in the initial 

detection and evaluation of progression of 

EVALI. In the adult population, case reports 

and series have described the clinical and 

imaging findings of EVALI. To our knowledge, 

there is currently no published information 

regarding the chest radiographic and CT 

findings in pediatric patients with EVALI. This 

population is particularly vulnerable to e-

cigarette use and its potentially life-

threatening consequences. The purpose of 

our study was to evaluate chest radiographic 

and CT findings of EVALI in the pediatric 

population. 

Patient Population 

Computerized search of the radiology 

department database at Children’s Medical 

Center of Dallas was performed to identify 

consecutive pediatric patients (up to 18 years 

of age) from December 2018 to December 

2019. Discussion with the pulmonology team 

was also performed to ensure that all 

clinically known patients diagnosed with 

EVALI potentially missed by computerized 

search were included in our study. All 

patients fulfilled both of the following 

inclusion criteria: met the CDC criteria for 

EVALI and had chest radiographs and CT 

images available at initial presentation (Table 

1). 

Imaging Technique 

CT technique.— Chest CT examinations 

were performed by using a dual-source 

multidetector CT scanner (Somatom 

Definition Flash; Siemens). For chest CT 

examinations performed with intravenous 

contrast medium, nonionic contrast medium 

(320 milligrams of iodine per milliliter) at a 

contrast dose of 2 mL/kg (not to exceed 4 

mL/kg or 125 mL) was used. The area of 

coverage included the entire lungs from the 

thoracic inlet to the level of the diaphragm. 

With the patient in the supine position, CT 

images were obtained in a single breath hold 

at end inspiration. CT parameters included 

Summary 

Chest imaging findings of electronic 

cigarette or vaping product use– 

associated lung injury (EVALI) in 

pediatric patients were bilateral 

symmetric ground-glass opacities with 

subpleural sparing, consolidation, 

and lower lobe predominance. 

Key Results 

• The imaging findings of electronic 

cigarette or vaping product use–

associated lung injury (EVALI) in 

pediatric patients were bilateral (14 of 

14, 100%) and symmetric (13 of 14, 

93%) groundglass opacities, often with 

consolidation (nine of 14, 64%) and 

lower lobe predominance (seven of 14, 

50%). 

• Subpleural sparing of pulmonary 

abnormalities at CT was frequently 

present (11 of 14, 79%). 

• The reversed halo sign (atoll sign) was 

found at CT (five of 14, 36%) in pediatric 

patients with EVALI. 
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0.6-mm collimation with weight-based low-

dose tube current and kilovoltage, highspeed 

mode, and a pitch equivalent of 2.8. The raw 

data set was reconstructed at a slice 

thickness of 2 mm for routine chest CT. For 

thin-section CT and CT angiography, the raw 

data set was reconstructed at a slice 

thickness of 1 mm. 

 Chest radiographic review.— The 

reviewers systematically reviewed chest 

radiographs for abnormalities in the lung 

parenchyma, airways, pleura, and 

mediastinum based on the established 

criteria, as described in the following 

sections. 

Evaluation of Lung Parenchyma and 

Airways.— Lung parenchyma and airway 

were evaluated for peribronchial markings, 

ground-glass opacity, consolidation, nodular 

opacity, and reticular markings. The 

presence of prominent peribronchial 

marking was diagnosed when coarse linear 

markings were identified radiating from the 

hilar region into the lungs. The diagnosis of 

ground-glass opacity was made when there 

was a hazy area of increased opacity without 

obscuration of the underlying vessels 

and airway walls. Consolidation was 

diagnosed when there was an area of 

increased opacity that obscured the 

margins of vessels and airway walls, with 

or without air bronchogram(s). The 

diagnosis of nodular opacity was made 

when a focal round opacity was present. 

Reticular opacity was diagnosed when 

linear opacities forming a meshlike 

pattern were detected. 

When lung parenchymal and airway 

abnormalities were present, they were 

also evaluated for the anatomic 

distribution and extent of abnormality. 

The anatomic distribution of the lung 

parenchyma and airway abnormalities 

was categorized as follows: unilateral or 

bilateral; predominantly central or 

peripheral; involvement of upper, middle, or 

lower lung zone (based on each zone 

comprising a third of the craniocaudal extent 

of the lungs on the frontal radiograph); and 

focal or multifocal (more than one focus of 

abnormalities). When bilateral involvement 

was present, the involvement of lung 

parenchymal and airway abnormalities was 

further classified as either symmetric or 

asymmetric. The extent of lung parenchymal 

and airway abnormalities was graded visually 

as the percentage of each lung involved in 

quartiles (0%–25%, 25%–50%, 50%–75%, 

75%–100%), and an average was calculated 

for both lungs. 

Chest CT review.— After chest 

radiographic evaluation, chest CT images 

were rerandomized to minimize reviewer 

bias. Then, the reviewers systematically 

assessed chest CT images for abnormalities 

in the lung parenchyma, airways, pleura, 

mediastinum, and vascular structures based 

on the established criteria, as described in 

the following sections. 

Evaluation of Lung Parenchyma and 

Airway.— Lung parenchyma and airway 

Table 1: Summary of CDC Surveillance Case Criteria 

Definition for Severe Pulmonary Disease Associated 

with Electronic Cigarette or Vaping Product Use–

associated Lung Injury (EVALI) 

1. Electronic (e-cigarette) use or dabbing (superheated 

aerosol inhalation of substances with high THC 

concentration) during the 90 days before symptom 

onset 

2. Pulmonary opacities at chest radiography or ground-

glass opacities at chest CT 

3. Absence of pulmonary infection on initial work-up 

(after minimum criteria met) OR infection identified with 

culture, polymerase chain reaction, or minimum criteria 

not met (testing not performed), but the clinical team 

believes this infection is not the sole cause of the 

underlying lung injury. 

4. No clinical evidence in the medical record of plausible 

alternative diagnoses (eg, cardiac, rheumatologic, or 

neoplastic process) 

Note.—CDC = Centers for Disease Control and Prevention, 

THC = tetrahydrocannabinol. 
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were evaluated for ground-glass opacity 

(diffuse vs centrilobular nodular pattern), 

consolidation, nodule(s), bronchiectasis, 

cyst(s), and interlobular septal thickening. 

The diagnosis of ground-glass opacity was 

made when hazy increased attenuation of 

lung, with preservation of the bronchial and 

vascular margins, was present. When 

ground-glass opacity was present, it was 

assessed as having either diffuse or 

centrilobular ground-glass nodular pattern. 

The diagnosis of consolidation was made 

when a homogeneous increase in pulmonary 

parenchymal attenuation, obscuring the 

margins of vessels and airway walls, was 

present When a rounded or irregular opacity 

measuring up to 3 cm in diameter was 

present, the diagnosis of a nodule was made. 

Bronchiectasis was diagnosed when there 

was bronchial dilatation with respect to the 

accompanying pulmonary artery, lack of 

tapering of bronchi, and identification of 

bronchi within 1 cm of the pleural surface. 

The diagnosis of cyst or cysts was made when 

there was a round parenchymal low-

attenuation area with a well-defined 

interface with normal lung and without a 

central area of vasculature to suggest the 

presence of centrilobular emphysema. The 

diagnosis of the interlobular septal 

thickening was made when thin linear 

opacities at right angles to and in contact 

with the lateral pleural surfaces near the lung 

bases were present. 

When lung parenchymal and airway 

abnormalities were present, they were also 

evaluated for the anatomic distribution and 

extent of abnormality. The anatomic 

distribution of the lung parenchyma and 

airway abnormalities was categorized as 

follows: unilateral or bilateral, predominantly 

central or peripheral, involvement of six 

lobes (right upper lobe, right middle lobe, 

right lower lobe, left upper lobe, lingula, and 

left lower lobe), and focal or multifocal (more 

than one lobe involvement). When lung 

parenchymal and airway abnormalities were 

bilateral, they were further classified as 

either symmetric or asymmetric. In cases 

where lung parenchymal and airway 

abnormalities were peripherally located, the 

presence of associated subpleural sparing of 

abnormalities was also evaluated. The 

diagnosis of a reversed halo sign (atoll sign) 

was defined as the presence of a central 

ground-glass opacity surrounded by denser 

consolidation of crescentic shape (forming 

more than three-fourths of a circle) or 

complete ring of at least 2-mm thickness. For 

assessing the extent of lung parenchymal 

and airway abnormalities, it was graded 

visually as the percentage of each lobe 

involved, and an average was calculated for 

both lungs. Estimated involvement was 

divided into quartiles (0%– 25%, 25%–50%, 

50%–75%, 75%–100%). 

Evaluation of Pleura and 

Mediastinum.— Lymphadenopathy was 

recorded when the short-axis diameter of 

mediastinal nodes was larger than 1 cm at 

chest CT. 

Evaluation of Vascular Structures.— 

Thoracic vascular structures were evaluated 

for the presence of pulmonary embolism in 

one of seven CT images (14.3%) obtained 

with intravenous contrast medium. The 

presence of pulmonary embolism was 

defined as either a complete or partial low-

attenuation filling defect in a pulmonary 

artery. 

Imaging Findings 

Chest radiographic findings.— Chest 

radiographic findings include ground-glass 

opacity in 14 patients (100%) and 

consolidation in eight patients (57%) (Fig 1a). 

Radiographic abnormalities were almost 

always bilateral in 14 of 14 (100%) and 

symmetric in 13 of 14 (93%), with lower lobe 

predominance seen in seven patients (50%). 
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The extent of abnormality was greater than 

75% in four patients (29%), 50%–75% in five 

patients (36%), 25%–50% in four patients 

(29%), and less than 25% in one patient (7%). 

Extrapulmonary findings on chest 

radiographs included pneumomediastinum 

and bilateral small pleural effusions that 

were seen in one patient (7%) each. 

Chest CT findings.— CT findings included 

ground-glass opacity in 14 patients (100%), 

consolidation in nine patients (64%), and 

interlobular septal thickening in two patients 

(14%) (Table 4, Fig 1b). Two patients (14%) 

with groundglass opacity showed 

centrilobular ground-glass nodular pattern. 

CT abnormalities were predominately 

bilateral in 14 of 14 (100%) and symmetric in 

13 of 14 (93%), with lower lobe 

predominance in seven patients (50%). 

Subpleural sparing was seen in 11 patients 

(79%) and a reversed halo sign (atoll sign) was 

seen in five patients (36%) (Figs 2, 3). The 

extent of abnormality was greater than 75% 

in 10 patients (71%), 50%–75% in two patients 

(14%), and less than 25% in two patients 

(14%). Extrapulmonary findings on CT images 

included pneumomediastinum in two 

patients (14%), bilateral small pleural 

effusions in one patient (7%), and pulmonary 

embolism in one patient (7%). 

CT Findings Based on American Thoracic 

Society and European Respiratory Society 

Classification of the Idiopathic Interstitial 

Pneumonias— The overall pattern of lung 

findings at CT in our pediatric study 

population included cryptogenic organizing 

pneumonia in seven patients (50%), 

hypersensitive pneumonitis in four patients 

(29%) (Fig 4a, 4b), acute lung injury (typically, 

diffuse alveolar hemorrhage histologically) in 

two patients (14%), and acute eosinophilic 

pneumonia in one patient (7%). 

Discussion 

In conclusion, the results of our study 

suggest that the imaging findings of 

electronic cigarette or vaping product use–

associated lung injury in pediatric patients 

are characterized by the presence of bilateral 

symmetric ground-glass opacity, with 

consolidation and often with a lower lobe 

predominance. At CT, subpleural sparing is 

frequently present, and the reversed halo 

sign (atoll sign) is a unique feature that may 

also be seen. 

(Maddy Artunduaga, et al., 2020) 

 

Figure 1: Images in a 16-year-old girl with history of electronic cigarette product use for 1 year and 

tetrahydrocannabinol dabbing for 2 months who presented with cough, weight loss, nausea, and vomiting for 3 

weeks. (a) Posteroanterior digital chest radiograph from day of presentation shows bilateral symmetric ground-

glass opacities with consolidation and lower lobe predominance. (b) Axial lung window (width, 1500; level, −700) 
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image of noncontrast chest CT performed on day of presentation demonstrates bilateral ground-glass opacities 

with subpleural sparing (arrowheads) and reversed halo sign (atoll sign) (arrows) in right lower lobe. 

 

Figure 2: Image in a 16-year-old girl with history 

of chronic abdominal pain and electronic 

cigarette product use with nicotine and 

tetrahydrocannabinol for 1 year who presented 

with acute abdominal pain and vomiting 1 day 

prior to admission. Patient later developed 

shortness of breath and increased work of 

breathing. Axial lung window (width, 1500; 

level, −700) image of chest CT with contrast 

enhancement performed 1 day prior to 

admission shows presence of central ground-

glass opacity surrounded by denser complete 

ring of consolidation, also known as the 

reversed halo sign (atoll sign) (arrows). Subpleural sparing (arrowheads) of lung abnormality is also seen.

 

Figure 3: Image in a 17-year-old boy with history of 

electronic cigarette tetrahydrocannabinol use for 2 

months presented with 8 days of nausea, vomiting, 

abdominal pain, and fever. Patient later developed 

shortness of breath and chest pain. Axial lung window 

(width, 1500; level, −700) image of CT with contrast 

enhancement performed 1 day after presentation 

demonstrates presence of central ground-glass opacity 

surrounded by complete ring of denser consolidation, 

also known as the reversed halo sign (atoll sign) (arrows). 

 

Figure 4: Images in a 16-year-old boy with 2-year 

history of daily nicotine and tetrahydrocannabinol 

vaping presented with 1.5 weeks of cough, shortness 

of breath, nausea, and vomiting. (a) Posteroanterior 

digital chest radiograph from day of presentation 

shows bilateral symmetric ground-glass opacities 

with lower lobe predominance. (b) Axial lung window 

(width, 1500; level, −700) image of noncontrast chest 

CT performed 1 

day after 

presentation 

demonstrates 

bilateral ground-

glass opacities 

with subpleural 

sparing 

(arrowheads).  
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New Insights From MRI and Cell 

Biology Into the Acute Vascular-

Metabolic Implications of 

Electronic Cigarette Vaping4 

The purpose of this brief review is to 

highlight some of the recent findings from 

imaging studies, with particular focus on 

magnetic resonance, and to elaborate on the 

potential of these methods to gain insight 

into the vascular-metabolic consequences of 

e-cig vaping, notably endothelial dysfunction 

(EDF). We further show that the transient 

imaging findings are paralleled by rapid 

formation of signaling molecules, both in 

serum and in pulmonary endothelial cells, in 

response to e-cig aerosol exposure. The 

vascular-metabolic effects of other risk-

alleviating tobacco products, e.g., heat-

notburn cigarettes, are not discussed here 

but we refer the reader to the key paper by 

Biondi-Zoccai et al. 

Endothelial Dysfunction and its 

Manifestations at Micro and Macro-

Cellular Level 

The vascular circulatory system is a 

network that integrates all organ systems via 

the transport of blood, nutrients, and 

pathogenic stimuli. Chemical or physical 

alterations within the vascular system play a 

major role in vasodilatation and 

vasoconstriction of blood vessels. The 

endothelial layer that lines these vessels 

functions as a mechanical barrier, regulating 

fluid movement through blood vessels, but 

also participates in regulation of vessel tone. 

This process is mediated via endothelial 

derived relaxing factor later recognized to be 

nitric oxide (NO) a product of endothelial 

cells. The endothelium is by virtue of its 

location, the converging site of inflammation 

toward which immune cells are recruited and 

into which these cells later adhere and 

extravasate. Indeed, as natural barrier to 

inflammatory moieties and microorganisms 

(from invading tissues) in the blood, the 

endothelium is also integral to innate 

immune activation in response to microbial 

attack. These events are facilitated by 

endothelial signaling that leads to production 

of adhesion molecules, cytokines and 

chemokines that drive immune cell 

adherence, inflammation, and endothelial 

oxidative stress. A major participant in 

endothelial signaling is reactive oxygen 

species (ROS). Endothelial cells produce ROS 

in response to stimuli ranging from physical 

(shear stress) to chemical (inflammatory 

agents, microbes, and smoke, etc.). ROS in 

turn activate signaling cascades that induce 

inflammation and oxidative stress leading to 

EDF, which entails compromised vasodilatory 

capacity. Vasorelaxation is expected, for 

example, in response to increased shear 

stress or pharmacologic stimuli (e.g., 

acetylcholine), but can be impaired as a 

result of reduced synthesis or depressed 

bioavailability of NO, the most potent 

endogenous vasodilator promoting 

activation of proinflammatory and 

prothrombic pathways which in turn cause 

reduced blood fluidity. EDF is often found 

with pre-clinical inflammatory or 

autoimmune diseases [e.g., rheumatoid 

arthritis, diabetes mellitus, and promoted by 

hypertension and unhealthy lifestyle (e.g., 

tobacco abuse, lack of physical activity, and 

improper diet) leading to 

hypercholesterolemia, as well as 

environmental factors such as air pollution. 

Of all the organs in the body, the lung is 

possibly the most vascularized. The 

pulmonary system is also in direct contact 

with the environment and for gas exchange 

to occur at the air-water interface, inhaled 

gases or particles must pass through alveolar 

surfactant, alveolar epithelium, and 

basement membrane into the capillary 
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endothelium. In the case of inhaled smoke or 

particulate matter such as fine or ultra-fine 

particles associated with tobacco or e-cigs, 

the pulmonary endothelium responds to this 

exposure by activation of the endothelial 

enzyme NADPH oxidase to produce reactive 

oxygen species (ROS). Pulmonary endothelial 

ROS produce intercellular adhesion molecule 

(ICAM) which is key to recruitment and 

adherence of immune cells from the 

circulation. ROS also react with NO, to form 

the highly reactive peroxynitrite that curtails 

NO bioavailability. As the production of 

peroxynitrite is accompanied by reduction in 

NO, it is also linked to EDF. 

Role of MRI as an Investigational 

Tool of E-Cigarette Induced Vascular 

and Metabolic Effects in Humans 

Flow-mediated dilation (FMD) is induced 

by transient increase in conduit blood flow 

velocity due to reduced microvascular 

resistance as the organism’s mechanism to 

re-oxygenate hypoxic tissue. The resulting 

increase in shear stress to the endothelium 

leads to vasodilation of the conduit artery via 

NO release. While often regarded as an 

effective surrogate marker for endothelial 

function (or dysfunction), the method’s poor 

intra-and inter-session reproducibility plague 

brachial artery FMD. 

Carotid-femoral pulse-wave velocity 

(PWV) has also been explored as a tool to 

study the acute impact of e-cigarette vaping. 

PWV is typically obtained by measuring the 

time delay of the systolic pressure wave at 

some downstream location, using pressure 

transducers placed at two locations (typically 

carotid and common femoral arteries) or 

Doppler ultrasound. 

Magnetic resonance imaging (MRI) is 

unmatched in its ability to provide structural 

information at high resolution and contrast, 

as well as quantitative physiologic and 

functional information non-invasively. It has 

provided pivotal insight into the vascular 

system in the form of quantitative perfusion 

data in the brain and musculoskeletal 

system, blood flow velocity and flow rate of 

major arteries and veins and, more recently, 

the metabolic rate of oxygen consumption, 

MRO2, or parameters assessing vascular 

compliance and PWV. MRI quantification of 

each of these physiologic quantities is able to 

yield results expressed in absolute 

physiologic units. MRI thus provides us with 

a sensitive toolbox to study vascular-

metabolic disturbances such as acute and 

chronic effects of smoking and vaping, the 

topic of this review. Thus, unlike competing 

techniques, which evaluate a single 

physiologic property, MRI is able to measure 

a host of parameters covering multiple 

vascular territories in a single session, as first 

demonstrated in a study of the acute effects 

of tobacco smoking. 

Relationship of Imaging Findings to 

Biological Markers 

Endothelial dysfunction, a process 

occurring at the microvascular level, is highly 

predictive of future macrovascular events. 

Microvascular dysfunction manifests in 

alterations of endothelial receptors, and 

reduction in NO availability due to reduced 

biosynthesis and increased scavenging by 

oxygen radicals linked to oxidative stress. 

One consequence is impaired anti-

inflammatory protection, leading to 

increased systemic inflammation, 

represented, for instance, by C-reactive 

protein (CRP). Associations between 

subclinical vascular disease established by 

means of MRI and other quantitative imaging 

modalities, and vascular inflammation is well 

established. Arterial FMD, as pointed out 

earlier, is mediated by NO release in the 

endothelium. The substantial reduction in 

femoral artery FMD measured with MRI in 

non-smokers approximately 20–30 min after 
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inhalation of nicotine-free-cig aerosol is 

paralleled by a decrease in NO and increase 

in CRP in the circulating serum, recovering to 

baseline values within 2–3 h. Similarly, a 

decrease on the order of 20–30% in NO 

bioavailability was found in nonsmokers, 

whose brachial artery FMD was reduced by 

almost 40% after exposure to nicotinized e-

cigarette in two crossover studies comparing 

the effects of e-cig vaping to tobacco 

smoking, where tobacco smoking was found 

to cause a larger decrement in both 

quantities. The above two studies further 

provided evidence of increased oxidative 

stress expressed by augmented NADPH 

oxidase activation, and increased 8-iso 

prostaglandin F2a, and reduced levels of 

vitamin E, an anti-oxidant, following 

exposure to both, e-cig aerosol and tobacco 

smoke. 

Discussion and Conclusion 

The data reviewed above compellingly 

show that quantitative MRI is extraordinarily 

sensitive to detect single events, in this case 

a vaping episode of nicotine-free aerosol. 

These results, though limited, demonstrate 

adverse effects consistent with transient 

impairment of endothelial function, along 

with reduced micro- and macrovascular 

reactivity. 

(Wehrli, et al., 2020) 
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QUESTIONNAIRE 
A5(22) Part 1 

An overview of the impact of electronic cigarette vaping on human health and the findings 
of Electronic Cigarette or Vaping Product Use–Associated Lung Injury (EVALI) 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

An updated overview of e‑cigarette impact on human 
health1 

 

Question 1: E-cigarettes containing what quantity of 
nicotine are more equivalent to normal cigarettes, based on 
the delivery of approximately 1 mg of nicotine every five 
minutes? 
 

A: 10 mg/mL 
B: 15 mg/mL 
C: 20 mg/mL  
D: 25 mg/mL 

 
Question 2 : Nicotine adversely affects which of the 
following physiological systems? 
 

A: Cardiovascular  
B: Digestive  
C: Immunological  
D: Muscular system 
E: Reproductive   

 
Question 3: 5 mL of a 20 mg/mL nicotine containing refill is 
equivalent to which of the following? 
 

A: 70 mg of nicotine 
B: 80 mg of nicotine 
C: 90mg of nicotine 
D: 100 mg of nicotine  

 
Question 4: Which of the following are TRUE? 
 

A: The most common types of compounds found in e-
liquids are PG or 1,2-propanediol, and glycerol or 
glycerine  

B: The compounds found in e-liquids are classified by 
the Food and Drug Administration (FDA) as 
“Generally Recognised as Safe”  

C: PG can induce respiratory irritation and increase 
the probability of asthma development  

D: Glycerol is considered safe because it cannot reach 
concentrations sufficiently high to cause irritation 
of the airways 

 
Question 5: Is it TRUE or FALSE that acetamide, a potential 
human carcinogen, has been detected in aerosols? 
 

A: TRUE  
B: FALSE 

 

Question 6: Which one of the following e-liquid flavour was 
found to be the most cytotoxic in all cell lines? 
 

A: Cinnamon Ceylon  
B: Crème brûlée 
C: Freedom Smoke Menthol Arctic 
D: Global Smoke Caramel 

 
Question 7: The battery output voltage seems to have an 
impact on the cytotoxicity of the aerosol vapours, with e-
liquids from a higher battery output voltage showing more 
toxicity to adenocarcinomic human alveolar basal epithelial 
cells (A549) cells. Is this TRUE? 
 

A: YES  
B: NO 

 
Question 8: While discussing the use of e-cigarettes as a 
smoking cessation tool with a colleague you mention which 
of the following? 
 

A: E-cigarette flavours have little to no impact on the 
success of  e-cigarette use as a smoking cessation 
tool 

B: It seems that the individual degree of nicotine 
dependence does not influence the smoking 
cessation process as e-cigarettes improve smoking 
cessation rates in both highly dependent and 
conventional smokers 

C: The general belief of the relative harmfulness of e-
cigarettes to consumers’ health compared with 
conventional combustible tobacco led to the 
success of their use as a smoking cessation tool  

D: The exposure to point-of sale marketing of e-
cigarettes has been identified to affect the smoking 
cessation success  

 
Question 9: Which of the following are CORRECT? 
 

A: Most of the reports linking COVID-19 harmful 
effects with smoking or vaping, were based on their 
capability of increasing the expression of 
angiotensin-converting enzyme 2 (ACE2) in the lung  

B: Most of the studies in this field indicated that 
current smokers have decreased expression of 
ACE2 in the airways 

C: Reports revealed that neither acute inhalation of e-
cigarette vapour nor e-cigarette users had 
increased lung ACE2 expression regardless of 
nicotine presence in the e-liquid  

D: Current knowledge suggests that increased ACE2 
expression is linked to enhanced susceptibility to 
SARS-CoV-2 infection and adverse outcome 



Question 10: Which of the following are additional 
complications associated with e-cigarette consumption? 
 

A: Cytokine storm 
B: Inflammatory response  
C: Oxidative stress  
D: Thrombotic events 
E: Toxicity  

 
Radiologic, Pathologic, Clinical, and Physiologic Findings of 

Electronic Cigarette or Vaping Product Use–associated 
Lung Injury (EVALI): Evolving Knowledge and Remaining 

Questions2 

 

Question 11: Which of the following are CORRECT? 
 

A: Particle size has been shown to stay relatively 
stable despite varying levels of atomizer power 

B: Increasing power of the atomizer causes a shift 
from nano-sized particles to micron-sized particles  

C: Nano and micron particle sizes reach the alveoli 
with similar deposition patterns 

D: The heating element may be constructed of various 
heavy metals, and traces of these metals known to 
cause lung disease have also been found in aerosol 
samples from vaping devices  

 
Question 12: Is it TRUE or FALSE that e-cigarette vaping 
aerosols do not have high levels of free radicals, which 
makes it better than smoking in this regard? 
 

A: TRUE 
B: FALSE  

 

Question 13: Current noninvasive tools available for 
detecting the earliest presymptomatic vascular changes are 
largely based on which of the following? 
 

A: CT 
B: MRI 
C: US  
D: X-ray 

 
Question 14: In a review of 323 patients with EVALI 
submitted to the CDC, patients presented with which of the 
following? 
 

A: <50% gastrointestinal symptoms 
B: <30% non-specific symptoms 
C: >50% constitutional symptoms  
D: >90% respiratory symptoms  

 
Question 15: Which of the following are TRUE? 
 

A: The pattern of OP encountered in EVALI appears to 
be less heterogenous  

B: At chest radiography, patients often present with 
diffuse hazy opacity that is most pronounced 
centrally  

C: Sparing of the subpleural portions of the lung is a 
relatively rare finding  

D: If centrilobular nodules are present, they are often 
a relatively minor finding and tend to be lower lobe 
predominant 
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QUESTIONNAIRE 
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An overview of the impact of electronic cigarette vaping on human health and the findings 
of Electronic Cigarette or Vaping Product Use–Associated Lung Injury (EVALI) 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Radiologic, Pathologic, Clinical, and Physiologic Findings of 
Electronic Cigarette or Vaping Product Use–associated 

Lung Injury (EVALI): Evolving Knowledge and Remaining 
Questions2 

 

Question 1: A colleague asks what criteria needs to be met 
to diagnose acute eosinophilic pneumonia, and you respond 
with which of the following? 
 

A: Duration of acute febrile illness of longer than 
seven days 

B: Progression to hypoxemic respiratory failure  
C: Bronchoalveolar lavage eosinophils not exceeding 

25% 
D: Prompt response to steroid therapy  
E: Absence of underlying infection  

 
Question 2: Imaging findings in diffuse alveolar hemorrhage 
at CT are often nonspecific and include consolidation and 
ground-glass opacity that can spare the lung periphery. Is 
this TRUE? 
 

A: YES  
B: NO 

 
Question 3: Which of the following are TRUE? 
 

A: In both asymptomatic and symptomatic patients 
with exogenous lipoid pneumonia (ELP), imaging 
often shows a lower lobe–predominant pattern of 
abnormality with consolidation and ground-glass 
opacity with or without septal thickening  

B: ELP commonly appears as spiculated nodules and 
mimic malignancy 

C: ELP can be diagnosed when there are areas of 
macroscopic fat attenuation (less than −30 HU) 
within the consolidation or nodules at CT  

D: The above option should be present in all acute and 
chronic cases 

 
Question 4: Which of the following are TRUE with reference 
to accepting EVALI as a type of ELP? 
 

A: An inconsistency between the two is that the 
mechanics of the injuries are different  

B: A consistency between the is that deaths are 
associated with acute ELP and EVALI 

C: An inconsistency between the two is that the 
imaging findings in cases of EVALI with lipid-laden 
macrophages mirror those seen in the classic forms 
of acute lung injury and to date, no case has shown 
areas of fat attenuation at CT  

D: None of the above 
 

Question 5: Which of the following are TRUE regarding 
hypersensitivity pneumonitis (HP)? 
 

A: Typical imaging findings suggestive of an acute HP 
pattern include asymmetric upper lung–
predominant centrilobular nodules, which are 
often poorly defined 

B: Typical imaging findings suggestive of an acute HP 
pattern include ground-glass opacity and 
consolidation present in the midlung and lower 
lung zones, and superimposed septal thickening 
may be present  

C: Imaging findings of patients with subacute and 
chronic forms of HP show that consolidation is 
usually absent and the degree of groundglass 
opacity in the lower lung is less pronounced  

D: Subacute and chronic forms of HP are rarely 
associated with mosaic attenuation and air 
trapping due to small airway injury 

 
Pediatric Chest Radiographic and CT Findings of Electronic 

Cigarette or Vaping Product Use–associated Lung Injury 
(EVALI)3 

 

Question 6: Is it TRUE that with the evaluation of lung 
parenchyma and airways in the chest radiographic review, 
reticular opacity was diagnosed when a focal round opacity 
was present? 
 

A: YES 
B: NO  

 
Question 7: Which of the following are TRUE regarding the 
CDC’s criteria for EVALI? 
 

A: Electronic (e-cigarette) use or dabbing 
(superheated aerosol inhalation of substances with 
high THC concentration) during the 90 days before 
symptom onset  

B: Pulmonary opacities at chest radiography or 
ground-glass opacities at chest CT  

C: Complete absence of any pulmonary infection on 
initial work-up (after minimum criteria met) 

D: No clinical evidence in the medical record of 
plausible alternative diagnoses  

 



Question 8: Which of the following are CORRECT? 
 

A: The diagnosis of a nodule was made when a 
rounded (not irregular) opacity measuring up to 3 
cm in diameter was present 

B: Bronchiectasis was diagnosed when there was 
bronchial dilatation with respect to the 
accompanying pulmonary artery, lack of tapering of 
bronchi, and identification of bronchi within 1 cm of 
the pleural surface  

C: The diagnosis of consolidation was made when a 
homogenous increase in pulmonary parenchymal 
attenuation, obscuring the margins of vessels and 
airway walls, was present  

D: The diagnosis of cyst or cysts was made when there 
was a round parenchymal low-attenuation area 
with a well-defined interface with normal lung and 
a central area of vasculature 

 
Question 9: The diagnosis of a reversed halo sign was 
defined as the presence of a central ground-glass opacity 
surrounded by which of the following? 
 

A: A denser consolidation of ovular shape 
B: A denser consolidation of crescentic shape, forming 

more than three-fourths of a circle  
C: A complete ring of at least 2-mm thickness  
D: None of the above 

 
Question 10: Lymphadenopathy was recorded when the 
short-axis diameter of mediastinal nodes was larger than 1 
cm at chest CT. Is this TRUE? 
 

A: YES  
B: NO 

 
Question 11: Which of the following are TRUE regarding the 
chest radiographic findings? 
 

A: Abnormalities were almost always bilateral in 14 of 
14 patients  

B: The extent of abnormality was 50%–75% in five 
patients  

C: Two patients with groundglass opacity showed 
centrilobular ground-glass nodular pattern 

D: Extrapulmonary findings included 
pneumomediastinum in two patients 

 
Question 12: What was the overall pattern of lung findings 
at CT in the pediatric study population? 
 

A: The minority of the cases were acute eosinophilic 
pneumonia  

B: About half of the cases were hypersensitive 
pneumonitis 

C: More than half of the cases were acute lung injury 
D: The majority of the cases were cryptogenic 

organizing pneumonia  
 

Question 13: The results of the study suggest that the 
imaging findings of EVALI in pediatric patients are 
characterized by which of the following? 
 

A: The presence of unilateral ground-glass opacity, 
without consolidation 

B: The presence of bilateral symmetric ground-glass 
opacity with consolidation, often with a lower lobe 
predominance  

C: Subpleural sparing at CT  
D: The reversed halo sign at CT  

 
New Insights from MRI and Cell Biology into the Acute 
Vascular-Metabolic Implications of Electronic Cigarette 

Vaping4 

 

Question 14: The occurrence of EDF is related to which of 
the following? 
 

A: Pre-clinical inflammatory or autoimmune diseases  
B: Diabetes mellitus  
C: Hypertension  
D: None of the above 

 
Question 15: Is it TRUE or FALSE that this study showed that 
MRI as an investigational tool detected adverse effects 
consistent with transient impairment of endothelial function 
and reduced micro- and macrovascular reactivity? 
 

A: TRUE  
B: FALSE 

 
 
 

END 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


